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(57) Abstract 

A process for the manufacture of omeprazole from pyrmethyl alcohol via pyrmethyl chloride and pyrmetazole characterized in that 
the whole reaction sequence is carried out without any isolation or purification of intermediates. Further that the reaction is carried out in a 
main solvent system common for the whole reaction sequence and inert to the reactan ts formed during the process and used in the process. 
The process according to the present invention may also .include an additional purification step. 
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METHOD FOR THE SYNTHESIS OF A BENZ1MIDAZOLE COMPOUND 
Field of the invention 

The present invention relates to a novel process for the synthesis of 5-methoxy-2-[[(4- 
methoxy-3,5-dimethyl-2-pyridm^ known under the 

generic name omeprazole. Moreover, the present invention also relates to manufacture of a 
pharmaceutical preparation thereof and its use in medicine. 

Background of the invention and prior an. 

Omeprazole is an inhibitor of gastric acid secretion making it useful as an antiulcer agent 
US 4 255 431 (corresponding to EP 0 005 129) discloses a process for the preparation of 
this class of substituted benzimidazoles. Said process comprises a couple of reaction steps. 
The three last steps of the process utilize more than one solvent and requires isolation of 
intermediates to give the final product omeprazole. The resulting product is contaminated 
with starting materials and by-products. 

WO 91/18895 describes an improved process for synthesis of omeprazole. This process 
describes the oxidation step and a work-up procedure of omeprazole. The oxidation step 
utilizes m-chloroperoxybenzoic acid in a methylene chloride/water system at substantially 
constant pH of about 8.0 to 8.6. The work-up procedure includes crystallization of 
omeprazole by the addition of an alkyl formate. 

Another process for the manufacture of omeprazole is described in US 5 391 752. This 
process also describes only the oxidation step. Said oxidation step utilizes magnesium 
monoperoxyphtalate as an oxidazing agent. The resulting product is contaminated with 
starting material and by-products. 
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Yet another process for the manufacture of compounds showing structural similarities to 
omeprazole is disclosed in US 4 619 997. The intermediates are isolated, but not purified, 
and different solvent systems are used in the chemical steps throughout the process. 

In the light of the above there was still a need for a new convenient and more efficient 
process to manufacture omeprazole. 

Summary of the invention. 

In the following the improved process is described. Scheme I below describes three main 
reaction sequences in the manufacture of omeprazole. In the scheme the complete chemical 
names as well as short names for the starting material and the different intermediates are 
stated. The starting material as well as the reactants used are readily available by procedures 
described in the literature. 

Step 1: 




(4-Methoxy-3,5-cfirrethyl- 
2-pyridinyl)methyl alcohol 

(Pyrmethyl alcohol) + SOCI 2 (or another suitable chlorinating agent) 
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(4-Methoxy-3,5-dimethyl- 
2-pyridinyl)methyl chloride 

(Pyrmethyl chloride) 

Step 2: 




H 



(4-Methoxy-3,5-dimethyl- 

2-pyridinyl)methyl chloride 2-Mercapto-5-methoxybenzimidazole 
(Pyrmethyl chloride) + (Metmercazole) 




5-Methoxy-2({(4-methoxy-3,5- 

dimethyl-2-pyridinyl)-methyl)- 

thio)-1Ji-benzimidazole 

(Pyrmetazole) 



Step 3: 

10 




5-Methoxy-2(((4-methoxy-3,5- m-Chloroperoxybenzoic acid 

dimethyl-2-pyridinyl)-methyl)- 

thio)-1Jd-benzimidazole 

(Pyrmetazole) 




5-Methoxy-2(((4-methoxy- 
3,5-dimethyl-2-pyridinyl)- 

methyl)sulfinyl)-1H- 
benzimidazole 

(Omeprazole) 



Scheme I 

Advantages of the improved process of the present invention are disclosed in the following 
paragraphs. 

One object of the present invention is to provide a process for the manufacture of 
omeprazole with all three reaction steps, described above, being carried out without any 
isolation or purification of the intermediates, and carried out in one main solvent system 
common for the whole sequence. Such a process eliminates time consuming steps for 
isolation or purification of intermediates or solvent change in the process and thus making 
the process more efficient with a high production capacity. A further important benefit of 
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such a process is that the handling of toxicological and suspected mutagenic intermediates 
such as pyrmethyl chloride , due to isolation or purification, is eliminated. 

Another preferred object of the present invention is to provide a process utilizing a solvent 
system which is environmentally friendly to avoid outlet of harmful solvents. There is a 
general interest from environmental groups both inside and outside the pharmaceutical 
industry that the industry shall develop and use environmentally friendly processes. In some 
countries the authorities also have made restrictions on the outlet of harmful chlorinated 
solvents into the air. 

Surprisingly, the novel process of the present invention gives omeprazole in a high purity 
without any isolation or purification of intermediates. The omeprazole obtained may 
optionally be further processed in a purification step and/or optionally processed into 
pharmaceutical^ acceptable salts. 

Another object of the present invention is to provide a process for an optional purification 
step of omeprazole. 

Further, the present reaction sequence starting from pyrmethyl alcohol via pyrmethyl 
chloride and pyrmetazole giving omeprazole can be carried out in a main solvent system 
used through the whole reaction sequence. The solvent system is preferably inert against all 
reactants and suitable for the three process steps. 

Detailed description of the invention. 

In step 1 pyrmethyl alcohol is reacted with an excess of thionyl chloride or another suitable 
chlorinating agent giving alkyl chlorides, i.e. pyrmethyl chloride. The reaction is preferably 
carried out at ambient temperature and for approximately a period of 30 minutes. The 
reaction may also be performed at a temperature of -5°C to 25°C. 
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The reaction is carried out in a solvent system, which is used throughout the whole reaction 
sequence described in scheme I, i.e. from pyrmethyl alcohol to omeprazole. Such a solvent 
system suitable for the present process comprises a main solvent and optionally one or more 
co-solvents. The main solvent is preferably water immiscible, e.g. carbontetrachloride, 
1,1,2-trichloroethane, chloroform, methylene chloride or toluene. Toluene is especially 
preferred from an environmental point of view. 

Furthermore, the solvent system may optionally comprise co-solvent(s) to further 
improve/enhance the solubility of the reactants or products during the whole reaction 
sequence. The solvent system will function without any addition of a co-solvent, but the 
addition of such a co-solvent will enhance the process capacity, i.e. the yield per volume. 
Preferred co-solvents are alcohols and especially a lower alcohol comprising 1 - 4 carbon 
atoms, which carbon chain may be branched or straight 

Examples of solvent systems include, but are not limited to, 70-80% (by volume) methylene 
chloride or toluene and 20-30% (by volume) lower alcohol, e.g. ethanol. 

In step 2, the pyrmethyl chloride formed in step 1 is reacted with metmercazole under 
alkaline conditions, e.g. an alkaline aqueous solution of metmercazole is prepared and 
mixed with the pyrmethyl chloride in the presence of a phase transfer catalyst. The reaction 
is preferably carried out at a temperature of 30 - 60°C during a prolonged period of time. 

Metmercazole is charged in approximately stoichiometric amount to the pyrmethyl chloride. 
A phase transfer catalyst may be used, for instance a tertiary amine, preferably 
tetrabutylammonium bromide. 



The two phases formed are separated and the aqueous phase may be extracted with the used 
water immiscible organic solvent, such as methylene chloride or toluene. Furthermore, an 
alcohol may be added to the pyrmetazole solution to improve the solubility of the formed 
intermediate, pyrmetazole. 
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In step 3, m-chloroperoxybenzoic acid is dissolved in an water immiscible organic solvent 
such as methylene chloride or toluene. The m-chloroperoxybenzoic acid is charged to the 
obtained pyrmetazole in a buffered two phase system, consisting of the water immiscible 
solvent, such as methylene chloride or toluene, and aqueous base, such as sodium or 
potassium hydrogencarbonate. The organic solvent may optionally be diluted with an 
alcohol to enhance the solubility of the m-chloroperoxybenzoic acid. The oxidation with m- 
chloroperoxybenzoic acid is preferably performed between 0°and 25°C. The obtained 
product is extracted into an alkaline, aqueous phase and the formed product is precipitated 
from the aqueous phase by lowering the pH of the solution to approximately 9 at ambient 
temperature. Omeprazole is isolated and washed. The overall yield in the process is usually 
higher than 75%. 

The additional purification can be carried out by crystallization from one or several organic 
solvents, or by precipitation from alkaline water by lowering the pH through addition of an 
acid or an alkyl formate. 

Examples of suitable acids include, but are not limited to, carboxylic acids such as formic 
acid, acetic acid, or citric acid, and mineral acids, such as hydrogen chloride, hydrogen 
bromide, hydrogen fluoride, hydrogen iodide, sulfuric acid, nitric acid, or phosphoric acid. 
Preferred acids are carboxylic acids. Suitable alkyl formats include, but are not limited to, 
methyl formate and ethyl formate. A preferred alkyl formate is methyl formate. 

The present invention is described more in detail in the following non-limiting examples. 

Manufacturing of omeprazole . 



Example 1 
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17.8 g (0.15 mol) Thionyl chloride in 13 mL methylene chloride was charged to a methylene 
chloride solution of 16.8 g (0. 10 mol) pyrmethyl alcohol at ambient temperature. The 
solution was stirred for approximately 30 minutes. 

18.0 g (0.10 mol) Metmercazole, 47.3 g (0.58 mol) aqueous sodium hydroxide (50% w/w) 
and tetrabutylammonium bromide (0.9 g) were mixed at ambient temperature. The 
pyrmethyl chloride solution was added at a temperature between 25° - 40°C and the 
mixture was refluxed for 1 - 2 hours. The two phases were separated and the aqueous phase 
was washed with methylene chloride. The organic phases were combined. 

10.4 g (0.10 mol) Potassium bicarbonate dissolved in water was added to the pyrmetazole 
solution. 

22.3 g (0.099 mol) Afera-chloroperoxybenzoic acid (76.5% w/w) dissolved in 42 mL of 
methylene chloride and 10 mL of ethanol were charged to the prepared mixture of 
pyrmetazole in methylene chloride and potassium bicarbonate in water. The oxidation was 
carried out at 0 - 15°C. The product was extracted into the aqueous phase at an alkaline pH 
by addition of sodium hydroxide. The two phases were separated and the organic phase was 
washed with an alkaline water solution. The aqueous phases were combined. 

Omeprazole was precipitated from the aqueous phase by the addition of 12 mL methyl 
formate, filtered and washed with water/methanol and dried. Omeprazole was obtained In a 
yield of 76%. 

Example 2. 

13.1 g (0.1 1 mol) Thionyl chloride was charged to a toluene solution of 16.7 g (0.10 mol) 
pyrmethyl alcohol at ambient temperature. The reaction was continued for approximately 30 
minutes. 
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The formed pyrmethyl chloride in toluene was mixed with an alkaline aqueous solution of 
18.0 g (0.10 mol) metmercazole. The reaction was performed in the presence of 0.9 g 
tetrabutylammonium bromide at 40°C during a couple of hours. The two phases were 
separated and the aqueous phase was extracted with toluene. Elhanol was added to improve 
the solubility of the resulting product before the solution was cooled to ambient 
temperature. 

24.4 g (0. 10 mol) Afe/a-chloroperoxybenzoic acid in 42 mL toluene and 10 mL ethanol 
were charged to a two phase system prepared from the obtained pyrmetazole toluene 
solution, and potassium bicarbonate (13.8 g) in water (120 rnL). The oxidation was 
performed between 0°C and room temperature. The product was extracted into an alkaline 
aqueous phase by the addition of sodium hydroxide. The two phases were separated and the 
organic phase was washed with water. Omeprazole was precipitated by lowering the pH of 
the solution to approximately 9 at ambient temperature. Omeprazole was isolated, washed, 
and dried. The overall yield was approximately 77%. 

Additional purification of omep razole. 
Example 3 

20.0 g (0.0579 moles) of omeprazole, prepared according to example 1, 125 mL of 
methanol and 54 mL of water were mixed at ambient temperature. 

The product was dissolved at an alkaline pH by addition of sodium hydroxide. The solution 
was filtered and cooled to approximately 0°C. 

The product was precipitated by addition of diluted acetic acid, filtered and washed with 
water/methanol, and thereafter dried. Omeprazole was obtained in a yield of 90 %. 
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Example 4 

1 1 .2 g (0.0324 moles) of omeprazole, prepared according to example 1 , 69 mL of 
methanol, 34 mL of methylene chloride and 0.3 mL of ammonia were mixed at ambient 
temperature and the obtained solution was filtered. 

The product was precipitated by evaporation of methylene chloride under reduced pressure. 

0.3 mL of ammonia was added and the slurry was cooled to 0°C. 

The product was filtered, washed with methanol containing approximately \9c v/v of 
ammonia, and dried. Omeprazole was obtained in a yield of 90 %. 

With respect to the environmental point of view, the best way to carry out one aspect of the 
present invention is according to the process described in Example 2. 
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CLAIMS. 

1 . A process for the manufacture of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- 

pyridinyl)-methyl]sulphinyl]- 1 H-benzimidazole from (4-methoxy-3,5-dimethyl-2-pyridinyl)- 
5 methyl alcohol comprising the following reaction steps 

Step 1: 




(4-Methoxy-3 ,5-cfi methyl- 
2-pyridmyl)methyl alcohol 

(Pyrmethyl alcohol) + SCCI 2 (or another suitable chlorinating agent) 




x HCI 



(4-Methoxy-3,5-dimethyl- 
2-pyridinyl)methyl chloride 

(Pyrmethyl chloride) 




H 



(4-Methoxy-3,5-dimethyl- 

2-pyridinyl)methyl chloride 2-Mercapto-5-methoxybenzimidazole 
(Pyrmethyl chloride) + (Metmercazole) 




5-Methoxy-2(((4-methoxy-3,5- 

dimethyl-2-pyridinyl)-methyl)- 

thio)-1Jd-benzimidazoIe 

(Pyrmetazole) 



Step 3: 




5-Methoxy-2(((4-methoxy-3,5- m-Chloroperoxybenzoic acid 

dimethyl-2-pyridinyl)-methyl)- 

thio)-lii-benzimidazole 



(Pyrmetazole) 




PCT/SE96/01603 



5-Methoxy-2(((4-methoxy- 
3,5-dimethyl-2-pyridinyl)- 

methyl)sulfinyl)-1Jd- 
benzimidazole 

(Omeprazole) 

characterized in that the reaction steps are carried out in a consecutive order without 
isolation of the intermediates formed during the process using one main solvent system 
common for the whole reaction sequence. 



2. A process according to claim 1 , characterized in that the solvent system comprises 
a main solvent and optionally one or more corsolvents. 

3. A process according to claim 2, characterized in that the main solvent is methylene 
chloride. 

4. A process according to claim 2, characterized in that the main solvent is toluene. 

5. A process according to claim 2, characterized in that the co-solvent is an alcohol. 

6. A process according to claim 1, characterized in that step 1 is carried out at a 
temperature between -5°C to 25°C. 

7. A process according to claim 1, characterized in that step 2 is carried out with a 
phase transfer catalyst 
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8. A process according to claim 7, characterized in that the phase transfer catalyst is 
tetrabutylammonium bromide. 

9. A process according to claim 1, characterized in that step 2 is carried out at a 
temperature between 30°C to 60°C. 

10. A process according to anyone of the proceeding claims wherein the resulting 5- 
methoxy-24[(4-methoxy-3,5-dimethyl-2-^^ i s 
further purified in a purification step. 

11. A process according to claim 10, characterized in that the purification step involves 
crystallization from one or several organic solvents. 

12. A process according to claim 10, characterized in that the purification step involves 
precipitation from alkaline water by lowering the pH through addition of an acid or an alkyl 
formate. 

13. A pharmaceutical preparation comprising 5-methoxy-2-l[(4*methoxy-3,5-dimethyl- 
2-pyridinyl)-methyl]sulphinyl]-lH-benzimidazole and a pharmaceutically acceptable carrier 
or diluent characterized in that the 5-methoxy-2-f[(4-methoxy-3,5-dimethyN2-pyridinyl)- 
methyl]sulphinyI]-lH-benzimidazole is prepared by a process according to one of the claims 
1-12. 

14. 5-Methoxy-2-[[(4-methoxy-3,5-dime^ 
benzimidazole prepared by a process according to one of claims 1-12. 



BEST AVAILABLE COPY 

mi 

International application No. 

PCT/SE 96/01603 

A. CLASSIFICATION OF SUBJECT MATTER 

IPC6: C07D 401/12 

According to International Patent Classification (IPC) or to both na tional classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: C07D 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK f FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 



ERNAl 



1 

INTERNATIONAL SEARCH REPORT 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4619997 A (JOHN C. SIH), 28 October 1986 

(28.10.86), see column9, line 9 - line 17 a nd 
column 7 examples 1 and 2 


1-12 


A 


US 4255431 A (ULF K. JUNGGREN ET AL), 

10 March 1981 (10.03.81), see example 22 and 
method C 


1-12 


X 






13,14 


| | Further documents are listed in the continuation of Box C. [jj] See patent family annex. 


* Special categories of cited documents: 

"A* document defining the general state of the art which is not considered 

to be of particular relevance 
*B* eriier document but published on or after the international filing date 

* L' document which may throw doubts on priority cLaim(s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use. exhibition or other 
means 

" P* document published prior to the international filing date but later than 
the priority date claimed 


"T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the in vend on 

"X" document or particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

* Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 


Date of the actual completion of the international search 


Date of mailing of the international search report 


30 January 1997 


0 1 -03- 1997 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 


Authorized officer 
Goran Karlsson 

Telephone No. +46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIOIN 

Information on 


JAL SEARCH REPORT 

patent family members 

28/10/96 


International application No. 
PCT/SE 96/01603 


Patent document 
cited in search report 


Publication 
date 


Patent family 
membcr(s) 


Publication 
date 


US-A- 4619997 


28/10/86 


AU-B- 571907 
AU-A- 3564384 
EP-A.B- 0150586 
SE-T3- 0150586 


28/04/88 
13/06/85 
07/08/85 



IE-B- 58431 22/09/93 

US-A- 4575554 11/03/86 



US-A- 



4255431 



10/03/81 



AT-B- 


374471 


25/04/84 


AT-B- 


374472 


25/04/84 


AT-B- 


374473 


25/04/84 


AT-B- 


375365 


25/07/84 


AT-B- 


389995 


26/02/90 


AU-B- 


529654 


16/06/83 


AU-A- 


4602779 


18/10/79 


TA-A- 


1 1 971 £Q 
X 1£ / IDO 


06/ 07/82 


CA-A- 


1129417 


10/08/82 


CY-A- 


1232 


29/06/84 


EP-A.B- 


0005129 


31/10/79 


SE-T3- 


0005129 




HK-A- 


15284 


02/03/84 


JP-C- 


1312930 


28/04/86 


JP-C- 


1504537 


13/07/89 


JP-A- 


54141783 


05/11/79 


JP-A- 


58192880 


10/11/83 


JP-B- 


60034956 


12/08/85 


JP-B- 


63053191 


21/10/88 


LU-A- 


88305 


04/05/94 


LU-A- 


88307 


04/05/94 


SE-A- 


7804231 


15/10/79 


SU-A- 


895292 


30/12/81 


US-A- 


4337257 


29/06/82 


US-A- 


4508905 


02/04/85 



Form PCT/ISA/210 (patent family annex) (July 1992) 



